INTRODUCTION
Caesalpinia is the name of a genus of enormous size and of ancient origin. It is named after the Italian naturalist, Andreas Caesalpino, of Arezzo (1519-1603). He was also a botanical collector, systematist and philosopher, chief physician to Pope Clement VIII, and a professor of medicine and botany in Pisa and Rome.
[1] Caesalpinia consists of about 200 species, consisting of shrubs, tall climbers, small and tall trees, mostly armed with spines and curves, hooked, sharp thorns and rarely unarmed. Their leaves are bipinnate, lacy, and attractive, while the leaflets are few to many, opposite, rarely alternate, small or large, herbaceous or leathery. The flowers are yellow, red, or variegated, showy, handsome, medium to large and are multiflowered. Finally, the pods are variable, often prickly, flat, straight or beaked. [2, 3] 
THE CAESALPINACEAE FAMILY
The leguminous trees fall under the sub-families Caesalpinaceae, Fabiaceae and Mimosaceae. The trees of Caesalpinaceae are by far the most scenic, exhibiting many-coloured splendour. The leguminosae family is currently divided into three subfamilies and 36 tribes. Subfamily Caesalpinioideae comprises of four tribes and 2,250 species, subfamily Mimosoideae four tribes and 3,270 species, and subfamily Papilionoideae 28 tribes and 13,800 species. [2, 3] Polhill and Vidal, [4] divided the Caesalpinieae into 8 informal generic groups: the Gleditsia group (2 genera), the Acrocarpus group (monogeneric), the Sclerolobium group (3 genera), the Peltophorum group (13 genera), the Caesalpinia group (16 genera), the Poeppigia and Pterogyne groups (both monogeneric) and the Dimorphandria group (10 genera). These authors stated that the tribe is 'a remarkable mixture of relics and complexes of relatively recent speciation, providing many pitfalls for formal systematics and biogeographical interpretations. [4] Since 1980, several studies have cast new light on intergeneric relationships within the Caesalpinieae, necessitating the restructuring of some of the nine informal generic groups. [5, 6] Without doubt, the genus with the greatest taxonomic and nomenclatural complexity within the Caesalpinieae is the genus Caesalpinia, which in its broadest sense comprises about 140 species and contains 25 generic names in synonymy.
[4]
GEOGRAPHICAL DISTRIBUTION OF THE GENUS CAESALPINIA
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Caesalpinia is also found in Colombia, Ecuador, Peru, Paraguay and Argentina and is very popular in Brazil. Indeed, the name 'Brazil', had its origin in the Portuguese word 'Bresil' or 'brazil' which means bright red and resembling glowing coals, and was used to describe the colour of Caesalpinia wood abundant in this area. [10] Nine species are widespread in Asia with about two confined to China.
[11] C. major is widely distributed in Southeast Asia. [12] The genus Caesalpinia is also popular in Thailand and Indonesia [13] and C. minax, is found in China. [14] Apart from their medicinal importance, Caesalpinia species may also serve as garden ornamentals and hedge plants. The beauty of C. pulcherrima, whose showy red flowers are borne in long spikes, is reflected in its common names: pride of Barbados, paradise flower, Spanish carnation, peacock's crest, flower tree, and others. This semi-drought-resistant species flowers in favourable habitats when only 8 months old.
[10]
ETHNOPHARMACOLOGICAL USES
The roots of C. benthamiana are considered to be an effective dysentery remedy in Ghana. [15] The powdered roots are mixed with shea butter or palm kennel oil to treat skin diseases and wounds. [15] An infusion of the dried root is consumed or used in bathing for general malaise in Senegal. [16] In the Philippines and the Caribbean, decoctions of the leaves, bark and roots of C. pulcherrima are used traditionally to treat liver disorders, ulcers of the mouth and throat. It also reduces fevers, acts as an abortificient, and alleviates fungal infections. The fruit is also used to check bleeding and prevent diarrhoea and dysentery. [17] The flowers have also been used to combat oxidative stress by eliminating free radicals from the system. [18] Within southeast Asia, C. major has traditionally been implemented as a tonic, anthelmintic, and for rheumatism and back-ache. [19] In Thailand, the seeds of this plant are used as an expectorant and antitussive agent. [19] C. minax finds use in Chinese folk medicine in the treatment of common colds, fever and dysentery. [20] Also in folk medicine in Kagoshima in Japan, C. decapetala is used in the treatment of neuralgia. A decoction from the pods of C spinosa is used in eye washes in the Callera district of the Czech Republic. [21] In addition, plant part decoctions are employed in folk medicine to treat intermittent fever and as an abortifacient, emmenagogue, and as a general tonic.
Bonducin, an amorphous, white bitter glycoside, is abundant in the seed cotyledons of C. bonduc Roxb., C. bonducella Flem., and C. crista L. [22, 23] It is sometimes referred to as "poor man's. quinine" because it is used as a substitute for quinine in the treatment of intermittent fever. The seeds of C. bonducella are grey, round, smooth and stony. The buoyancy of the seed accounts, in part, for this species being widely dispersed tropically by ocean currents. They are used as talismans and beads, and also by children as marbles. They yield oils for cosmetics and use in medical preparations. It is a shrubby tree of Argentina and Chile, exuding a golden yellow gum that contains approximately 80% arabin. It is completely soluble in water and is an acceptable substitute for gum Arabic. [24] C. echinata Lam. is the national tree of Brazil. The name 'Brazil', had its origin in the Portuguese words 'Bresil' or 'brazil' which means bright red, resembling glowing coals and were used to describe the colour of caesalpinia wood abundant in this area.
BIOLOGICAL ASPECTS OF THE GENUS CAESALPINIA
The genus Caesalpinia (Ceasalpiniaceae) has been associated with a number of biological activities. Plants in this group have been employed globally in folkloric medicine in the treatment of numerous diseases. Various investigations have been carried out on plants belonging to the genus Caesalpinia in order to validate the folkloric uses of these plants to determine its antimicrobial, antimalarial and anticancer properties, among others.
Antimicrobial Activity
Extracts and compounds from the seeds have been screened against pathogenic organisms that include viruses, bacteria and fungi. Cassane furanoditerpenes, designated as caesalmin C-G, were evaluated for their effects on the proliferation of the Para 3 virus. The tetracyclic furanoditerpenoid isolates showed significant activity against the Para 3 virus, with IC 50 values ranging between 7.8 and 14.8 µg/mL. However, caesalmin G, which is the only furanoditerpenoid lactone, is highly toxic, with a therapeutic index (TI) value of 3.0. [25] It is noteworthy that the abdominal cramps. [29] In the Philippines, decoctions of the leaves, bark and roots are used to manage liver bleeding and prevent diarrhoea and dysentery, whilst the flowers are utilized to combat oxidative stress. [30] These plants are used in the treatment of common cold, fever and dysentery in China. [31] In South Sulawesi of Indonesia, the seed kernel of the plant has been traditionally used as an anthelminthic and antimalarial. [32] The seeds of plants belonging to this genus are used as expectorant and antitussive agents in the herbal medicine practice of Thailand. [33] Their usefulness in the treatment of rheumatism and back-ache and as a tonic has also been reported in Indonesia. [34, 35] Antiviral and anticancer activities from these plants have also been reported. [36, 37] In Caribbean folk medicine, plants of this genus have been employed extensively. [38] Medicinal plants belonging to this group have been used in traditional medicine in the management of diseases in African countries including Senegal, Nigeria, Sudan and Liberia. [39] Ghana is not an exception in this regard as plants belonging to the genus are extensively employed in folkloric practice in the treatment of various ailments such as skin diseases and wounds, gonorrhoea, sleeping sickness and constipation. [40] The taxonomy of the family Ceasalpiniaceae has been the subject of much debate. It was previously referred to as Fabaceae, and prior to this was known as Leguminosae.
Antimalarial Activity
Forty four cassane-and norcassane-type diterpenes isolated from Caesalpinia crista of Myammar and Indonesia were evaluated for their antimalarial activity against the malaria parasite Plasmodium falciparum (FCR -3/A2 clone in vitro). Most of the tested diterpenes displayed antimalarial activity, and norcaesalpinin E showed the most potent activity with an IC 50 value of 0.090µM, a greater potency than the clinically used drug chloroquine (IC 50 , 0.29µM). [41] Ten new cassane diterpenes including caesalpinins H-P and norcaesalpinin F were tested for their inhibitory activities on the growth of Plasmodium falciparum (FCR -3/A2 in vitro. All displayed activity in a dose dependent manner. Among the newly isolated compounds, caesalpinin K and norcaesalpinin F showed the most potent inhibitory activity with an IC 50 value of 120 and 140nM respectively, which is lower than the value reported for the well-characterizedantimalarial drug, chloroquine (IC 50 , 282 -291nM). [42] Three new cassane furanoditerpenoids (1-3) exhibiting antimalarial activity against the multidrug-resistant K1 strain of Plasmodium falciparum have been isolated from kernels of Caesalpinia bonduc.
Anticancer Activity
Caesaldekarin J possesses inhibitory activity against glutathione S-transferase, an enzyme that has been implicated in resistances during treatment of cancer and parasitic infections, and can be isolated from the ethanolic extract of Caesalpinia bonduc bark. [43] Two new cassane butenolides, caesalpinolide A (1) and B (2), epimeric at the hemiketal position, were isolated from the marine therapeutic index (TI) value of caesalmin C is almost the same as that of ribavirin (an inhibitor of DNA and RNA viruses), which serves as a positive control in the bioassay. It can be concluded that the anti-Para3 virus activity of tetracyclic furanoditerpenoids is better than that of the furanditerpenoid lactone. [25] Since the major components of the seed of C. minax possess such potent activity, it may be feasible to develop a new antiviral agent from this medicinal plant.
Furthermore, macrocaesalmin, a cassane furanoditerpenoid lactone from the seeds of C. minax, was evaluated for antiviral activities against RSV, Para-3 and influenza Type A viruses according to an established protocol which showed inhibitory activity against the RSV (IC 50 = 24.2µg/mL, TC 50 = 138.3µg/ mL and SI = 5.7) in cell culture, and the corresponding values for the positive control (ribarivin) were 3.4, 60.6 and 17.8µg/mL, respectively. The antiviral activity of the compound was less than the positive control; however, the selectivity index for natural products was considered significant (SI > 4). However, it is inactive against the para-3 virus (IC 50 = 51.9µg/mL, TC 50 = 137.5µg/mL and SI = 2.6) with the corresponding values for the positive control being 2.7 µg/mL, 62.5µg/mL and 23.1µg/ mL, respectively. Similarly, macrocaesalmin was inactive against the influenza Type A virus. Respiratory viral infections have long been recognized as important contributors to morbidity and mortality in young children and older adults, and the search for natural products as antiviral agents against respiratory viruses has attracted considerable attention in recent years. The isolation of macrocaesalmin and the evaluation of its efficacy on three major respiratory pathogens thus provide useful clues in the search for antiviral drugs against RSV infection. [26] Four new cassane-type furanoditerpenoids possessed antimicrobial activities against several bacteria including S. aureus, E. coli, P. aeruginosa and B. subtilis and fungi (C. albicans and T. mentagrophytes have been isolated from the air-dried leaves of C. pulcherrima. A cassane-type diterpene ester, pulcherralpin, isolated from the stems of this plant has potential fertility regulating and antitumor activities. [27] Two antitubercular cassane furanoditerpenoids, namely 6 β-benzoyl-7 β-hydroxyvouacapen-5 α-ol and 6 β cinnamoyl-7β-hydroxyvouacapen-5 α-ol, have been isolated from the root of Caesalpinia pulcherrima. It was observed that 6β-cinnamoyl-7β-hydroxyvouacapen-5 α-ol possessed stronger antitubercular activity demonstrating a minimum inhibitory concentration (MIC) of 6.25 µg/mL, while the benzoyl analogue 6 β-benzoyl-7 β-hydroxyvouacapen-5 α-ol was less active (MIC 25 µg/mL). Both compounds exhibited moderate cytotoxic activity towards KB (human oral carcinonoid cancer), BC (human breast cancer) and NCl-H187 (small cell lung cancer) cell lines. [28] According to Mexican folklore, plants belonging to the genus Caesalpinia have found use in the treatment of kidney ache, cystitis, urethritis, prostate inflammation, fever, tooth-ache and plant, two cassane diterpenes neocaesalpin A (18) and B (19) were isolated. [55] From the roots of the same plant in the following year, caesaldekarin F (20) and G (21), were isolated. [56] In the same year, and again from the roots of this plant, seven cassane diterpenoids that included caesaldekarin A (15), H, I, J, K and L (22) (23) (24) (25) (26) and demethylcaesaldekarin C (27) were isolated. [57] Additional diterpenoid lactone compounds, caesalmins A, B, C, D, E, F and G (28) (29) (30) (31) (32) (33) (34) were isolated from the seeds of C. minax. [58] Four novel diterpenoid compounds (35) (36) (37) (38) , possessing both antibacterial and antifungal activities, have been isolated from the leaves of C. pulcherrima. [59] A novel diterpenoid named macrocaesalmin (39), together with caesalmin B, D and H possessing antiviral and anticancer activities were isolated from the seeds of C. minax. [31, 60] This was followed in the following year by the isolation of cassane diterpenoid compounds (+)-vouacapenic and (+)-vouacapenate (2, 7) from Vouacapoua americana belonging to the Leguminosae. [61] Novel norcassane-type diterpenes norcaesalpinin A, B and C (44) (45) (46) (47) (48) , have also been obtained from the seed kernels of C. crista. [61] In the following year, five new cassane-type diterpenes, caesalpinins MA-ME 1-5 (49-53) and three new norcassane-type diterpenes, norcaesalpinins MA-MC (54-56) together with known cassane-type diterpenes ( 29, 30, 32 and 51) were isolated from C. crista. [62] Nine new cassane-type diterpenes taepeenin A-I
creeper Caesalpinia bonduc. They exhibited inhibitory effects on MCF-7 breast cancer cell lines, with IC 50 values of 12.8 and 6.1 (μM), respectively, and also inhibited endometrial and cervical cancer cell lines. [44] Similarly, Phanginin I, a cassane-type diterpenoid isolated from the seeds of Caesalpinia sappan exhibited cytotoxic effects against KB cell line with IC50 value of 4.4μg/ ml. [45] Basic Molecular Skeleton of Cassane-type Diterpenoids Plants belonging to the genus Caesalpinia have proven to be a rich source of cassane-type diterpenoids. [46, [47] [48] [49] [50] [51] These cassane diterpenoids are characterized by a molecular skeleton constructed from the fusion of three cyclohexane rings A, B and C and a furan ring (1) .Ring C may sometimes be aromatic as in compounds 24, 38, 59-62. The existence of an exocyclic methylene group at position 14 is a characteristic of some of these cassane-type diterpenoid compounds (see 62, 76, 81, 83, 88) . Generally, these diterpenoids give a red colour with Ehrlich reagent, suggesting the presence of a furan ring in their molecular structure. However, not all cassane-type diterpenes have this furan ring (e.g 5, 6) and therefore will not respond to this test.
Cassane-type diterpenoids from the genus Caesalpinia
The isolation of the cassane-type diterpenoids may have begun in the mid 1950's from other sources other than the genus Caesalpinia. However, , isolated pulcherrimin A (3) and ε-caesalpin (4) from Caesalpinia pulcherrima. [52] In 1992, the roots of Caesalpinia decapetala yielded caesaljapin (9), a cassane diterpenoid. [53] Caesaldekarin A (15), C (16), D (16i) and E (16ii) were also isolated from the roots of Caesalpinia major. [54] Caesalpinin 1 (17), a cassane furanoditerpene, has been isolated from Caesalpinia bonducella roots. [48] From the seeds of the same (57-65) and two new norcassane-type diterpenes nortaepeenin A-B (66-67) were also isolated from the stems and roots of C. crista. [63] From the seed kernels of the same plant, known cassane and norcassane-type diterpenes including compounds [62]
CONCLUSION
Cassane-type diterpenoids continue to be isolated from medicinal plants. Three novel cassane-type diterpenoids-benthaminin 1 (87), 2 (88) and 3 (89) possessing antimicrobial and antioxidant properties have been isolated from Caesalpinia benthamiana. [51] Similarly, two novel cassane-type diterpenoids designated magnicaesalpin and neocaesalpin O together with three known ones named caesalmin D and E and neocaesalpin L have been isolated from the seeds of Caesalpinia magnifoliolata. [52] A number of these cassane-type furanoditerpenoids have been found to manifest various biological activities including antibacterial, antifungal, [29] anti-inflammatory, anti-analgesic, [52, 53] antiviral and anticancer, [31] antimalarial [54] and antituberculosis activities. [36] Thus, these cassane diterpenoids are of interest due to their structural diversity and their broad spectrum of biological activities. Further studies should be performed to indicate which of these isolated bioactive chemical constituents may serve as lead compounds in the synthesis of biomolecules to tackle the numerous global health challenges due to the emerging and ongoing drug resistance associated with long term use of conventional medicines used in the treatment and management of infectious diseases.
